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The metabolic and nutritional factors that can af-
fect patients with uremia are summarized in a num-
ber of reviews [1-4]. Less is known about how
these factors operate in children with uremia [5]. As
background for considering the effects of uremia on
metabolism and growth in children, it was consid-
ered desirable to examine the role of insulin and
growth hormone on growth—particularly growth of
muscle mass—because insulin and possibly growth
hormone action are impaired by uremia [31 and both
affect muscle mass (see Cheek and Graystone,
this issue). Because signs of malnutrition, particu-
larly energy malnutrition, are common in children
with renal insufficiency, it is important to know the
energy metabolism and requirements of children
with simple malnutrition, and it is important to ap-
preciate the high energy cost of recovery from mal-
nutrition (see Ashworth, this issue). The observa-
tions she reports suggest the possibility that some
children with uremia and malnutrition cannot reach
levels of energy intake necessary to effect their re-
covery. Muscle mass is the major reservoir of body
protein, and changes in muscle mass are reflected in
changes in nitrogen balance. An understanding of
the interrelated effects of dietary energy and protein
intakes on nitrogen balance (see Munro, this issue)
is useful in considering the problem of muscle-wast-
ing and diet therapy in uremia. The level of energy
intake, the dietary protein:energy ratio, and the
quality of protein are all factors affecting nitrogen
balance in normal subjects. These factors have par-
ticular importance in uremia because of the relation
between protein intake and uremic symptoms Ill].
The value of low-protein diets and of amino acid
supplements has been extensively considered [4],
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but their effect on intracellular amino acid compo-
sition is only now being appreciated (see Alvestrand
et al, this issue).
With these reports as backgrounds, the present
review considers the changes in body composition
that reflect nutritional status of adults and children,
the effect of different levels of dietary energy and
protein on uremia, and the metabolic and hormonal
factors in uremia that may affect growth. Some rec-
ommendations are made for following the nutri-
tional status of children with renal insufficiency.
These are complementary to those of Kopple in this
issue.
Body composition in uremia
Changes in body composition in uremia are of
two types: changes in body weight or mass, particu-
larly muscle, adipose tissue, and extracellular fluid
volume, and changes in plasma or tissue composi-
tion, e.g., plasma proteins, metabolic substrates, or
hormone levels. The low body weight, adipose tis-
sue, and muscle mass are due in part to malnutrition
and, in the case of muscle mass, other metabolic
disorders seen in uremia. The changes in plasma
proteins also result, in part, from malnutrition. The
metabolic-endocrine changes are reflections of the
effects of uremia itself, although these often are in-
fluenced by nutritional factors (see Kopple, this is-
sue).
The weight-for-height index (see Roche, this is-
sue) commonly is low in patients with advanced
uremia and in those on chronic dialysis [6, 7]. This
is most likely related to a reduction in muscle and
adipose tissue mass. Extracellular volume is ex-
panded in these patients [6], obscuring the effects of
muscle and adipose tissue mass reduction upon
body weight. A weight corrected for extracellular
fluid volume may be useful to adjust for this. Skin-
fold thickness, a useful measure of adipose tissue
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mass (see Roche, this issue) also is low in these pa-
tients. Intracellular water is low, and this most
likely is a measure of reduced muscle mass [61.
Creatinine production rate, as measured by its ex-
cretion rate, is used as an index of muscle mass, and
this is low in adults with severe uremia [81.
Total body potassium or exchangeable potassium
is variably reported in patients with uremia, includ-
ing patients on chronic dialysis [8—14]. While val-
ues, in some instances, are reported as normal
when potassium per kilogram of body weight is
used as a means of expressing the results, low
weight-for-height ratios in these patients may mean
that both total body potassium and muscle mass are
low in relation to height. There is an uncertainty
when total body potassium is low that potassium
deficiency, i.e., low potassium concentration in
muscle, is the cause rather than poor muscle mass.
This type of potassium deficiency, however, is as-
sociated with muscle-wasting as well. The weight of
evidence suggests that there is a reduction in total
body potassium relative to height in adults with ure-
mia, including those on dialysis, and that this is due,
in part, to wasting or reduced muscle mass.
Children with uremia have some changes in body
composition that are attributable to malnutrition,
particularly energy malnutrition [5, 15]. Height-for-
age and weight-for-height ratios are reduced [16].
Skinfold thickness is reduced, and the value corre-
lates with average daily energy intake (Arnold W.
Boosalis M, and Holliday MA, unpublished obser-
vation). Intracellular water [17] and total body po-
tassium [18] in children with uremia are low.
Muscle protein, measured as alkaline-soluble pro-
tein (structural and cytosol protein) is low in chil-
dren with uremia and is even more affected in chil-
dren on dialysis [19]. This finding suggests a deple-
tion of the protein reserves in the body that is
greater than the estimates made from intracellular
volume or total body potassium. Disproportionate
loss of muscle protein is characteristic of malnutri-
tion [20].
Creatinine production in children on dialysis is
high relative to intracellular water (Ogata et al, un-
published observation) when compared with data
from normal children [21]. This finding and the
changes in creatinine metabolism noted in patients
with uremia [22] suggest that creatinine production
is a poor measure of muscle mass in children on
dialysis.
Albumin metabolism is variously reported in ure-
mia. Plasma albumin concentrations are low, and
fractional synthesis and degradation rates are low.
Albumin and transferrin concentrations are corre-
lated with nutritional state and suggest that malnu-
trition is a major factor in causing these changes
[23—25]. The plasma amino acid patterns character-
istic of uremia have certain features that are seen in
malnutrition, e.g., essential amino acids, particular-
ly the branch chain amino acids, are low. Certain
other features reflect the condition of uremia, e.g.,
serine and tyrosine are low [26—28].
These findings suggest a prevalence of muscle-
wasting and malnutrition in patients with uremia,
including those on hemodialysis. Children, because
they have a higher rate of energy expenditure in re-
lation to body size, are more susceptible to malnu-
trition; evidence suggests that they are both more
frequently and more severely malnourished [19,
29].
Evidence for energy deficiency
Some of the changes in body composition are
characteristic of dietary energy deficiency. Dietary
intakes of children confirm this. Children with ure-
mia eat less than the average child, and there is a
correlation between energy intake and growth rate
[30, 31]. Energy supplements improve intake and
growth in some but not all children [30—32, 33].
When energy intake exceeds 80% of the RDA,
growth is still inadequate and growth rate no longer
correlates with energy intake [34, 35]. Children
with severe uremia and wasting show an inverse re-
lation between energy intake and degree of protein
catabolism. Those taking < 60 kcal/kglday lose
body protein [36].
Additional evidence relating poor energy intake
to poor weight gain has been obtained in studies
using moderately uremic rats. These rats eat less
and grow at a slower rate than do control rats [37].
Pair-fed rats may grow better than uremic rats do
[38] or they may grow at the same rate [39, 40].
Uremic rats given energy supplements show im-
proved growth rates but do not attain normal
weight for age [391.
Protein excess and deficiency and protein metabolism
In uremia, nitrogen is retained as nonprotein or
urea nitrogen in body fluids, and nitrogen as body
protein, particularly muscle protein, is deficient.
Some of the symptoms and findings in uremia corre-
late with urea nitrogen concentration in plasma.
When patients are severely uremic, i.e., GFR <
10% of normal, diets providing 20 to 30 g of protein
are associated with a reduction in symptoms and
urea nitrogen concentrations [41—43]. Unfortu-
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nately, patients on these diets seldom gain weight or
retain nitrogen as body protein, despite the fact that
they are malnourished and muscle mass is low [44,
451. A 35- to 40-g protein diet 1145, 46] or a 20-g pro-
tein diet supplemented with essential amino acids
[47] is associated with nitrogen retention as body
protein, a lowering of urea nitrogen, and improve-
ment in well-being (see Kopple, this issue).
Uremic children who are wasted and intolerant to
food can gain body protein [481 and edema-free
weight [491 when they are given adequate energy as
glucose and very moderate intakes of essential
amino acids by intravenous nutrition. The risk/ben-
efit ratio of intravenous nutrition in reversing a state
of poor nutrition in children with uremia has not
been established. In summary, while a high-protein
diet can be toxic [411, a low-protein diet can limit
nitrogen retention [45] (see recommendations).
Dietary energy intake influences the relationship
between nitrogen intake and balance in uremic indi-
viduals as it does in normal individuals. On the
same intake of nitrogen, an increase in energy in-
take improves nitrogen balance [36, 441. This effect
is more pronounced when depletion of body protein
or muscle mass exists.
Nitrogen balance is also influenced by factors
that affect protein synthesis and degradation. Both
control and moderately uremic rats increase muscle
protein synthesis and decrease its degradation fol-
lowing a meal. In the postabsorptive state, syn-
thesis declines and degradation increases. With a
36-hr fast, protein synthesis in both uremic and
control rats is depressed, but the depression is
greater in uremic rats. They have a correspondingly
greater increase in net loss of body protein. We in-
terpret these findings as evidence that moderate
uremia in rats causes an exaggerated catabolic re-
sponse to stress, whereas the anabolic response fol-
lowing feeding is not demonstrably affected [50,
51]. These findings suggest the merits of insuring
children with uremia from periods of even brief
starvation.
Metabolic abnormalities
The hormonal and metabolic consequences of
renal insufficiency are characteristic of findings in
both stress and catabolic states. Peripheral insulin
antagonism, with respect to glucose utilization, is
well-documented [52, 53]. There is also resistance
to insulin-mediated transport of amino acid into
muscle [54].
Adipose tissue remains sensitive to the anti-
lipolytic action of insulin in uremia [55]. The con-
centrations of plasma nonesterified free fatty acids
(NEFA) fall in response to glucose [53, 55], and
fasting NEFA and glycerol concentrations are ei-
ther normal or reduced [53, 55—57]. Intensive hemo-
dialysis lowers the concentration of plasma insulin
and increases insulin degradation rate [58]; low
NEFA concentrations rise with adequate dialysis
[551.
Hypertriglyceridemia and, occasionally, hyper-
cholesterolemia are features of uremia [59, 60] and
are common in uremic children [61, 62]. Hyper-
triglyceridemia in children does not appear to in-
crease with the amount of fat in the diet. Instead,
the correlation between plasma triglyceride concen-
trations and total calorie intake tends to be nega-
tive. Triglyceride concentration is positively corre-
lated with the proportion of energy derived from
carbohydrate in the diet [63]. Substitution of fat for
carbohydrate may reduce the triglyceride concen-
trations [56, 64], although it is unclear whether this
effect is due to a reduction in carbohydrate intake or
an increase in the proportion of polyunsaturated fat
in the diet. Reducing the carbohydrate content of
the diet also improves glucose tolerance [64]. Car-
bohydrate supplements, given to some uremic chil-
dren with raised plasma insulin concentrations and
glucose intolerance, may lead to obesity without
improved growth, especially in those on dialysis
who are inactive (Chantler, unpublished observa-
tion).
Plasma growth hormone (GH) levels are high in
children on dialysis and rise paradoxically after i.v.
glucose administration [53]. GH is a lipolytic agent,
and the high levels may be an adaptive response to
poor glucose utilization in an attempt to mobilize
endogenous fat as a noncarbohydrate source of en-
ergy [65, 66]. Plasma glucagon concentrations are
also high in adults [671 and children [53] on dialysis
and fail to suppress normally after i.v. glucose ad-
ministration. Cortisol concentration is either nor-
mal or raised in uremia [3]. Values in children on
dialysis are frequently within the normal range, but
the mean fasting morning concentrations of cortisol
(using a protein-binding method for assay) in chil-
dren on dialysis are significantly higher than the
mean values for normal children (El Bishti, unpub-
lished observation). Plasma catecholamine concen-
trations are raised in adults in dialysis [681. The re-
duction in plasma concentration of the branch chain
amino acids [26, 27] may be the result of increased
oxidation of these amino acids to provide energy in
the face of a cellular energy deficit. Gluconeogen-
esis may be increased due to the greater availabili-
Metabolism in children with renal insufficiency 309
ty of substrates such as alanine released from
muscle catabolism; the intracellular concentration
of leucine in muscle rises rather than falls with fast-
ing in uremic rats [5011. The similarity of these hor-
monal and metabolic changes to those of protein-
energy malnutrition [151 and stress [69, 70] is note-
worthy. All have in common features that suggest a
deficit in cellular energy supply. These findings are
more pronounced in the postabsorptive and fasting
state than they are in the fed state, and they show
some features that are similar to the state of "accel-
erated fasting" described in pregnancy [71].
Recommendations
Guidelines are provided elsewhere in this sym-
posium for following the physical growth and nutri-
tional status of children with renal insufficiency
(Roche; Potter et al). The changes in body composi-
tion that most reflect the metabolic nutritional ef-
fects of uremia described in this review are muscle-
wasting and an inadequate adipose tissue mass.
These can be estimated from mean arm circum-
ference and skinfold thickness, respectively. Al-
though these measurements are not very precise,
they are useful as indicators of major deficiencies of
muscle and adipose tissue. Weight-for-height index
is a measure of both muscle and fat mass in relation
to height. Weight in children with uremia, when
corrected for extracellular fluid volume, is a more
accurate estimate of muscle and adipose tissue
mass. Methods that measure weight corrected for
ECF [49], intracellular water [6, 171, or total body
potassium [18] are refinements for estimating
muscle mass in uremic children. The preferred stan-
dard of reference is body height.
Dietary intake also should be monitored with spe-
cial reference to energy and protein intake, and the
quality of protein ingested should be noted. Dietary
intake of these nutrients is best estimated by par-
ents keeping a diet diary. Three-day diet records
each month provide a useful measurement, and par-
ent cooperation is usually attained with this fre-
quency. Reducing diet records to daily intakes of
specific nutrients is greatly aided by having food
composition tables on computer tapes [721 and a
computer program to make the needed conversions.
The most appropriate reference for assessing in-
dividual values in relation to norms vary among dif-
ferent cultures. We recommend the FAO/WHO
manual and its reference values [73] for energy and
protein. The manual includes a careful review of
supporting data for factors affecting these require-
ments, including age and activity. Methods for as-
sessing the biological value of proteins with amino
acid scores are also reviewed. The reference values
have been developed by nutritionists representing
many nationalities. The manual is available to any-
one. a
The present convention [30—34] is to express en-
ergy intake as percent of that recommended for age
and sex or, when growth is retarded, for height or
ideal weight-for-height. The recommended energy
intake may be excessive for children who are in-
active, or it may be insufficient for those with mal-
nutrition [74] or subject to extended stress [70].
When intakes are expressed as percent of normal,
the reference values should be cited so that com-
parisons with other data can he made. There is an
indication that children with less than 70 to 80% of
recommended energy intakes who are growth re-
tarded may improve growth when energy intake is
increased.
Uremic patients usually have enough protein in
their diet to meet the protein requirements for nor-
mal subjects unless they are placed on a low-protein
diet. The recommendation for protein intake for
healthy adult male and female persons is scaled up-
ward from minimum requirements to account for
diets that provide lower quality protein [73]. When
the amino acid score of the average dietary protein
is 70 (amino acid score is derived from comparing
the amino acid composition of the diet with proteins
having an ideal amino acid pattern [73]), a protein
intake of 53 g for males and 42 g for females is rec-
ommended, and the dietary protein energy ratio is
1.9 g/l00 kcal in both cases. The minimum protein
requirement when the amino acid score is 100, is 37
g for males and 29 g for females, and the protein
energy ratio is 1.6 g/l00 kcal [73]. Recent survey
data show average protein energy ratios in the diets
of U.S. citizens to be 3.7 to 4.0 g!lOO kcal, or two to
three times the recommended [751. When uremic
patients are given a diet providing high quality pro-
tein [46], or lower quality protein supplemented
with EAA [47], a ratio of 1.5 g of protein per 100
kcal (including amino acids) will support body mass
and prevent loss of body protein, so long as energy
intake is also adequate. More may be needed to
repair malnutrition, i.e., 2.5 g/100 kcal (see also
Alvestrane et al and Kopple, this issue).
aWorld Health Organization Technical Report Series #522,
"Energy and Protein Requirements" by an FAO/WHO ad hoc
expert committee (1973) may be obtained from WHO Distribu-
tion and Sales Service, 1211 Geneva 27, Switzerland, in any of
several languages.
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Dietary protein requirements for infants under 1
yr of age are 2 glkg!day or 1.8 gIlOO kcal [761. This is
slightly higher than the protein energy ratio of hu-
man milk (1.4 to 1.8 g!100 kcal) is and is less than the
protein energy ratio of conventional formulas (2.3g/
100 kcal) [76, 771. No data concerning protein re-
quirement has been obtained in uremic infants.
Clinical experience presently suggests that human
milk or close imitations are most suitable for pro-
viding energy and protein to infants with uremia. In
some instances, calorie density of the formula may
need to be changed from the conventional 0.67 kcal/
ml. During recovery from malnutrition, children do
well with formulas having a greater calorie density
(1.1 kcal/ml) and a protein energy ratio of more than
2.5 gIlOO kcal (see Ashworth, this issue). Other ad-
justments reflecting a need for electrolytes or min-
eral content or for vitamin and trace mineral con-
tent may be required in individual cases [781.
Dietary protein requirements for normal children
are poorly defined. Growth rates are low. Mainte-
nance protein requirements are linked to the basal
metabolic rate [731, and total energy intake parallels
BMR [741. Using these criteria, a protein-energy ra-
tio suitable for adults will probably suffice for chil-
dren after 1 to 2 yr of age (1.5 to 2.0 g/100 kcal).
When a child is malnourished, he may benefit from
a higher protein-energy ratio (2.0 to 2.5 g/100 kcal),
although the most important nutrient facilitating re-
covery is the level of energy intake.
The value of nutrition therapy to children with
renal disease is presently not clear. Few would ar-
gue that nutritional modification has no place. Ex-
perience in working with children has suggested the
value of using a nutritionist who is experienced with
children and the psychology of eating, as well as
nutritional principles of treating renal insufficiency.
It is important for the nutritionist to consider the
cultural and psychological factors that affect eating
patterns in a family.
Summary
Uremia is associated with a decrease in muscle
and adipose tissue mass and a low weight-for-height
ratio. These findings are related to dietary defi-
ciencies in uremia—particularly energy deficiency
and to metabolic disorders characteristic of uremia.
These latter have features of an exaggerated cata-
bolic state which may be modified by other stresses,
e.g., short starvation or high-protein diets. Recom-
mendations for diet therapy for children with ure-
mia are of limited value because of the lack of defin-
itive studies. At present, diet should be adequate in
energy to improve nitrogen balance and weight gain
commensurate with age. There may be advantages
to using a protein:energy ratio in the diet that is
lower than the ratio used in conventional diets.
Reprint requests to Dr. M. A. Holliday, Children's Renal Cen-
ter, University of California, 400 Parnassus Avenue, A-276, San
Francisco, Cal,jbrnia 94143, U.S.A.
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